Rifaximin, an oral antibiotic marketed as tablets, does not have dissolution method described either in official compendiums or literature. This lack of knowledge blinds the real rate of drug availability. Thus, all potentialities of the active principle are not enough if it is trapped in its formulation or it is released erroneously. The absence of dissolution method can reduce the drug to the level of an adjuvant. Therefore, the objective of this study was to develop and validate a successful dissolution method for the evaluation of rifaximin tablets. The method contemplated the parameters for linearity, selectivity, precision, accuracy and robustness. It was found that for the dissolution of the tablets of rifaximin of 200 mg, paddle apparatus at 50 rpm and 900 mL of acetate buffer of pH 5.0 + 0.2 % SLS as dissolution medium are optimum conditions. The method presented is useful and can be applied for the routine quality control of tablets of rifaximin.
Introduction
The dissolution in the gastrointestinal tract is the biggest challenge for solid oral dosage forms. [1] [2] The main applications of the dissolution tests are in drug development, stability studies, establishment of in vitro -in vivo correlations (IVIVC) that can be used to reduce the number of human studies during the development of a particular formulation 3 and they can also be used as a substitute for bioequivalence tests, 4 quality control and pharmaceutical equivalence studies. For solid dosage form for immediate release of rifaximin, no method for dissolution has been described in official compendia [5] [6] [7] [8] [9] [10] or literature. Rifaximin ( Figure 1 ) is an oral antibiotic with broad spectrum of action that acts locally in the gastrointestinal tract. It reaches high concentrations in the human intestine, where it is active against many enteropathogens.
11 -13 In market tablets of 200 mg are found. The dose is 600 mg (1 tablet 3 times daily) or 800 mg (2 tablets 2 times a day).
The development of effective analytical methods for the quality control of marketed drugs is extremely important and aims to provide reliable information about the nature and composition of the materials in question. 14 Validation is an important part of the quality assurance program and aims to demonstrate that the analytical method is suitable for the intended proposal and safe to run. 15 Analytical methods for rifaximin, available in literature and official compendia for its quality control, lacked a method to evaluate the dissolution of tablets. In its absence, the drug does not have the quality required for its safe and effective use. A practical and accurate analysis method is a primary step in the rational use of pharmaceuticals. 16 Therefore, a dissolution method to tablets of rifaximin has been developed and validated in this work.
Experimental
The standard was rifaximin, content 99.0 %, acquired from NutraTech Development Limited (China). The pharmaceutical form was rifaximin tablets of 200 mg (labeled content), lot 12927, under the trade name Flonorm TM , of the Laboratory Gonher Farmaceutica LTDA.
The placebo was prepared by physical mixing of excipients i.e., talc, microcrystalline cellulose, glycerol palmitostearate, titanium dioxide, colloidal anhydrous sílica, red iron oxide, disodium edetate, sodium carboxymethyl, hypromellose and propylene glycol.
Determination of the optimum dissolution conditions
For establishing optimum conditions, dissolution were tested in purified water, HCl 0.01 M, phosphate buffer of pH 6.2 (50 mM) + 0.5 % Tween 20, phosphate buffer of pH 6.2 (50 mM) + 0.5 % Tween 80 and phosphate buffer of pH 6.2 (50 mM) + 1.0 % sodium lauryl sulfate (SLS). In the first test, 200 mg of the rifaximin standard was added to 333 mL of dissolution medium under agitation at 37 ± 0.5 °C. In the second test, the media chosen was one in the dissolution of the drug was to be tested. Others pH values, tested in the second test, were pH 5.0 and pH 6.8. 10 mg of rifaximin was added to tubes containing 2.5 mL of each medium evaluated and then they were submitted to agitation in a shaker at 60 rpm for 36 hours at 37 ± 0.5 °C. After the equilibrium time, the samples were filtered using quantitative filters and the absorbances were measured spectrophotometrically in the UV region.
Determination of the dissolution profiles
The dissolution profiles for rifaximin tablets of 200 mg were obtained using the various media viz., acetate buffer of pH 5.0 (50 mM) + 0.1 % SLS, acetate buffer of pH 5.0 (50 mM) + 0.2 % SLS and acetate buffer of pH 5.0 (50 mM) + 0.5 % SLS. The media was deaerated by ultrasound for 30 min under 40 °C. The apparatus paddle under speeds of agitation of 50, 75 and 100 rpm was tested. The sampling times were 5, 10, 15, 20, 30 and 60 min. At the appointed times, 10 mL aliquots were taken from each sample and immediately filtered. The same volume of dissolution medium was replaced in order to maintain a constant total volume.
The absorbances were measured spectrophotometrically in the UV region.
Validation of the method
The validation of the dissolution method was performed by evaluation of linearity, detection and quantification limits, selectivity, precision, accuracy and robustness.
Linearity
The linearity test was performed by creating a Ringbom curve by determining the absorbance of 29 concentrations of rifaximin standard, varying from 1 to 200 μg mL -1 . For this, a solution of 200 μg/mL of rifaximin standard was prepared in acetate buffer of pH 5.0 (50 mM) + 0.2 % SLS.
From the Ringbom curve 6 points at concentrations from 15 to 50 μg mL -1 of rifaximin standard was chosen for evaluating the linearity of the method. The absorbance of the solutions were determined at 290 nm using acetate buffer pH 5.0 (50 mM) + 0.2 % SLS as blank. The analytical curve was constructed on three different days and in triplicate. The data obtained in the construction of the calibration curve were analyzed to obtain the equation of the line by the least squares method, and the check of linearity and parallelism was confirmed by Analysis of Variance (ANOVA).
Limit of detection (LD) and quantification (LQ)
LD of rifaximin was determined from the three calibration curves obtained, using the data of the standard deviation of the intercept (s) and average slope (L), according to Eqn. (1) .
LQ of rifaximin was obtained with the same data described above, according to Eqn. (2) .
Selectivity
The selectivity of the method was tested using placebo of rifaximin tablets. The placebo was prepared using amounts of excipients equivalent to one tablet of Flonorm TM 200 mg, which was transferred to dissolution cubas containing 900 mL of acetate buffer of pH 5.0 (50 mM) + 0.2 % SLS. The placebo was submitted to dissolution test under the conditions of the paddle for 1 h at 150 rpm. The possible interference of adjuvants was analyzed spectrophotometrically in the UV region.
Precision and accuracy
The precision and accuracy were evaluated at levels of 50 %, 100 % and 150 % of the theoretical concentration of the test. To obtain rifaximin stock solution, a solution of 900 μg mL -1 in acetate buffer of pH 5.0 (50 mM) + 0.2 % SLS was prepared. In order to obtain solutions at the level of 50 % of the theoretical concentration of the test, 15 mL of rifaximin stock solution were transferred to dissolution cubas containing 900 mL of acetate buffer pH 5.0 (50 mM) + 0.2 % SLS. Then, amounts of adjuvants equivalent to 50 % of the amount contained in one tablet Flonorm TM 200 mg was added to the cuba. In order to obtain solutions at the level of 100 % of the theoretical concentration of the test, 30 mL of rifaximin stock solution were transferred to dissolution cubas containing 900 mL of acetate buffer pH 5.0 (50 mM) + 0.2 % SLS. Then, amounts of adjuvants equivalent to 100 % of the amount contained in one tablet Flonorm TM 200 mg was added to the cuba. In order to obtain solutions at the level of 150 % of the theoretical concentration of the test, 45 mL of rifaximin stock solution were transferred to dissolution cubas containing 900 mL of acetate buffer pH 5.0 (50 mM) + 0.2 % SLS. Then, amounts of adjuvants equivalent to 150 % of the amount contained in one tablet Flonorm TM 200 mg was added to the cuba. The procedure was performed in triplicate. The solutions were subjected to dissolution test under the conditions of the paddle for 1 h at 50 rpm and analyzed spectrophotometrically in the UV region. On the analysis of the parameter precision, the relative standard deviation (RSD) was calculated for each level. This parameter was evaluated by intraday and interday precision. For the analysis of accuracy parameter, the percentage of recovery of rifaximin in each cuba was calculated by dividing the value obtained by the theoretical value corresponding to each concentration.
Robustness
The robustness was evaluated using the Youden and Steiner test. 17 7 variables with the potential of interference in the analysis were selected. They are dissolution time, pH of the dissolution medium, speed of agitation, temperature of the dissolution medium, deaeration of the dissolution medium, filtration through membrane pore 0.45 µm and exposure to light. The Table 1 . Table 1 . Conditions tested for the robustness parameter.
Condition
Normal 
From these results, the effect of each variable was estimated by the difference between the average of results of the four analyzes with the capital letter and the average of the results of the four analyzes with the lowercase letter. Considering the standard deviation of the eight results, values with the effect greater than the product of the standard deviation by the square root of two are considered significant and alter the analytical response.
Results

Determination of the Optimum Conditions
The results of the first dissolution tests of rifaximin for determination of the optimum conditions of the dissolution medium for the rifaximin tablets are shown in Table 2 . The solubility of the drug was judged visually. The solubility test was performed in media which dissolved rifaximin and the results are shown in Table 3 . The media to ensure optimum conditions for dissolution of rifaximin are acetate buffer of pH 5.0 (50 mM) + 0.5 % SLS, acetate buffer of pH 5.0 (50 mM) + 1.0 % SLS and phosphate buffer of pH 6.2 (50 mM) + 1.0 % Tween 20. Table 2 . Solubility of rifaximin tablets in different media. 
Solvent Results
Purified water
Determination of the dissolution profiles
The dissolution profile of rifaximin in acetate buffer of pH 5.0 (50 mM) + 0.1 % SLS, acetate buffer of pH 5.0 (50 mM) + 0.2 % SLS and acetate buffer of pH 5.0 (50 mM) + 0.5 % SLS is shown in Figure 2 . The samples were analyzed by spectrophotometrically at 290 nm. The influence of speed of agitation was tested to determine the optimum conditions of tests and dissolution profiles for rifaximin tablets 200 mg. A dissolution profile using tablets 200 mg of rifaximin, apparatus paddle at 50 and 75 rpm and acetate buffer of pH 5.0 (50 mM) + 0.2 % SLS as dissolution medium was built and is shown in Figure  3 . The speed of agitation of the paddles has an influence on the release of rifaximin. The only condition which allowed one point higher than 85 % of dissolution was speed 50 rpm, which allows the comparison of dissolution profiles by the method "Simple Model Independent."
The conditions that can be used to compare dissolution profiles of rifaximin by the method "Simple Model Independent" are apparatus paddle with 50 rpm, acetate buffer of pH 5.0 (50 mM) + 0.2 % SLS as dissolution medium. These conditions allow obtaining a discriminatory dissolution profile, which can be used in pharmaceutical equivalence studies and routine tests of quality control. 
Validation of the method
The analytical curve of rifaximin, for the linearity parameter, was built with the average of the absorbance values of three analytical curves with concentrations from 15 to 50 µg mL -1 , after evaluation of the results of Ringbom curve.
The equation of the line, determined by the method of least squares, is y = 0.0150x + 0.0164, with a correlation coefficient (r) equal to 0.9999 for the rifaximin standard. ANOVA calculated for the data of the analytical curves of the rifaximin standard is shown in Table 4 . The results of limit of detection and limit of quantification are1.50 µg mL Table 7 . 
Discussion
In vitro dissolution tests have emerged as preferred method to evaluate the development of new active ingredients, pharmaceutical formulations and perform pharmaceutical equivalence studies. 7, 9-10, 15, 18-20 The tablets of rifaximin have yet not been standardized by dissolution method. This status blinds the pharmaceutical product behavior that can have the best characteristics but is trapped in its formulation or is released erroneously in the organism. The absence of dissolution method for a pharmaceutical product can regress the action of the drug to that of an adjuvant.
In the comparison of dissolution profiles by the method "Simple Model Independent" just one point above 85 % dissolution must be included for product. 21 Thus, the conditions of 37.5 °C, paddle at 50 rpm and acetate buffer of pH 5.0 (50 mmol L -1 ) with 0.2 % SLS have been chosen to allow the creation of a discriminatory dissolution profile, which can be used in pharmaceutical equivalence study of tablets of rifaximin 200 mg.
The presently developed method for dissolution test of tablets of rifaximin 200 mg presents satisfactory linearity in the range of 15 to 50 µg mL -1 with r = 0.9999, as recommended by the ICH. 15 The selectivity of the method has been proven by analyzing the spectrum of adjuvants solution of rifaximin tablets, which demonstrated that the excipients do not interfere in the absorbance in the UV region. The proposed method of the dissolution test is precise because estimates for RSD of less than 6.5 % are obtained in the interday and intraday precision.
This method led to a recovery between 95 and 105 % and as per the literature recommendation 10 is considered as accurate.
According to Youden and Steiner, 17 the variables that have a greater effect than the square root of two multiplied by the standard deviation between the results influence the analytical response significantly. Thus, the condition "no filter" showed influence on the analytical response to tablets of rifaximin 200 mg, since its effect was 6.13 and the square root of two multiplied by the standard deviation between the results was 5.91. This is a warning not to change this specific condition. "No filter" allows the permanence of particles in the solution which until then had not been dissolved and over time, previous to reading, they dissolve. This fact generates different results.
The method was robust towards the other changes made in dissolution time, pH of the medium, the rotational speed of the paddles, temperature, deaeration, and the presence or absence of light.
Conclusions
The dissolution test of tablets of rifaximin 200 mg has been performed successfully at the conditions of the paddle at 50 rpm, acetate buffer of pH 5.0 (50 mmol L -1 ) with 0.2 % SLS and at 37.5 °C. The method proved to be reliable and can easily be used to evaluate the quality of rifaximin tablets by laboratories and pharmaceutical industries because it predicts its behavior in the organism.
